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Study Design: A prospective case—control study.

Purpose: To determine the effect of axial loading on the cervical spine when weights are carried on the head.

Overview of Literature: Traditionally, carrying weights on the head has been a common practice in developing countries. The la-
borers working in agriculture, construction, and other industries, as well as porters at railway platforms, are required to lift heavy
weights. Since controversy exists regarding carrying weights on the head, we decided to evaluate its effect on the cervical spine.
Methods: The study comprised 62 subjects. Of this number, 32 subjects (group A) were unskilled laborers from the construction in-
dustry; the other 30 subjects (group B) were in the control group and had never previously carried heavy weights on their heads. Cervi-
cal spine radiographs were taken for all the 62 subjects. Subjects in group A were asked to carry a load (approximately 35 kg) on their
heads and walk for about 65 m, with their cervical spine radiographs taken afterward.

Results: The mean ages of patients in groups A and B were 27.17 and 25.75 years, respectively. The mean cervical lordosis observed
in group A (18.96°) was dramatically less compared with group B (25.40°), showing a further decrease in head loading (3.35°). Five
subjects had a reversal of lordosis (-5.61°). A statistically significant reduction in disc height and listhesis was observed when the
load was carried on the head with a further decrease after walking with the load. Accelerated degenerative changes, particularly af-
fecting the upper cervical spine, were observed in head loaders.

Conclusions: Carrying a load on the head leads to accelerated degenerative changes, which involve the upper cervical spine more
than the lower cervical spine and predisposes it to injury at a lower threshold. Thus, alternative methods of carrying loads should be
proposed.
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Introduction weights on the head, and controversy exists regarding

this being detrimental to the cervical spine [1]. This study

Carrying loads on the head is a traditional practice in In- aims to identify the effect of loads on the cervical spine
dia by laborers in construction industry and agriculture. when weights are carried on the head.

There is a paucity of literature on the effects of carrying
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Materials and Methods

1. Participants and methods

This study was conducted in 2010 after approval from the
Ethics and Scientific Committee, Sheth Vadilal Sarabhai
Medical Research Foundation Trust (Reg. no., 14/217/93-
TU.V). Written informed consent was obtained from all
individuals participating in the study. The study com-
prised laborers habituated to carrying loads in group
A and control subjects in group B. Group A comprised
laborers, aged 20 to 40 years, who worked in the construc-
tion industry with a minimum of 6 months’ experience,
routinely carrying loads on their heads. Those with any
spinal or systemic diseases were excluded from the study.
Group B comprised subjects who had never carried loads
on their heads. Hospital nursing and clerical staff were
included as subjects in this group.

Unloaded lateral view radiographs of the cervical spine
were taken in neutral, flexion, and extension positions for
all subjects in both groups. Then, subjects in group A were
asked to carry an approximately 35 kg weight (12 bricks
on a plywood plate) (Fig. 1) and walk a distance of ap-
proximately 65 m (55 m in the open air+5 m on a slope+5
m indoor) (Fig. 2). Lateral cervical spine radiographs were
taken for group A subjects with a load and again after
walking the prescribed distance while carrying a load.

Radiographs were analyzed for cervical lordosis move-
ments in flexion and extension, as well as changes after

Fig. 1. Cervical spine of a subject in group A being loaded with a heavy object
on the head (12 bricks, approximately 35 kg). Written informed consent was
obtained from all individuals participating in the study.
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carrying the load. Cervical lordosis was measured be-
tween C2 lower endplate and C7 lower endplate. Height
of intervertebral discs and translation of vertebral bodies
were noted.

2. Statistical analysis

IBM SPSS ver. 20.0 software (IBM Corp., Armonk, NY,
USA) was used for data analysis. We used the chi-square
test for evaluating categorical data and the Mann-Whitney
U-test for continuous data. Average values are presented
in the tables as meantstandard deviation. The difference
was considered significant when the p-value was less than
0.05.

Results

The study was conducted on 62 subjects: 32 laborers in
group A and 30 controls in group B. The demographic
profiles of subjects in both groups are shown in Table 1.

Fig. 2. A subject in group A walking with a load on the designated path (ap-
proximately 65 m, which includes 55 m in the open air+5 m on a slope+5 m
indoor). Written informed consent was obtained from the participant.



Cervical Spine Loading [RE I

Subjects in group A had 5- to 20-year working experience
in the construction industry. Table 2 shows the radio-

Table 1. Showing demographic characteristics of bath groups

Characteristic Group A Group B
Age (yr) 27.1745.55 25.75+4.26
Height (m) 1.49+0.13 1.65+0.09
Body weight (kg) 51.61+1.88 59.40+17.46
Work experience (yr) 8+5.21 -

Values are presented as meansstandard deviation.

Neutral

Flexion
3

Extension

Fig. 3. Radiographs of a subject in group A showing a neck in neutral (A),
flexion (B), and extension (C) and with head loading (D). Most of the flexion/
extension movements were observed in the upper cervical spine with minimal
movements in the lower cervical spine. Also, the straightening of cervical lor-
dosis and reduction of disc height were seen on head loading.

graphic measurements. Compared with control group B
(£25.40), mean cervical lordosis in neutral position was
observed to be less in group A (+18.96). Compared with
the control group, group A demonstrated less flexion but
more extension. Most of the movements were observed
in the upper cervical spine with minimal movements in
the lower cervical spine (Fig. 3). All subjects in the control
group were observed to have good flexion and extension
movements. All subjects in group A were observed to
have a minor translatory displacement in a dynamic ra-
diographic examination. Five subjects (19%) in group A
had >3 mm anterior displacement during flexion at mini-
mum one level (Fig. 4). In the control group, no abnormal
translation was observed on flexion except in two subjects
who had a mild anterior translatory displacement of ver-
tebrae during flexion. Both subjects were asymptomatic,
with one having a congenital fusion of C2 and C3 verte-
brae.

For group A, mean cervical lordosis decreased to
3.35+3.26 after loading the cervical spine, and it further

A
A

3 mm translatory
displacement

Fig. 4. Radiograph of a subject while carrying a load on the head. A ma-
jor translation was observed at C3—4 and C4-5 on head loading (arrow).

Table 2. Showing the cervical spine (C2—C7) lordosis and its changes with head loading

Mean cervical lordosis

Group A (n=32)

Group B (n=30)

Neutral (°) 18.96+6.71
Flexion (°) 16.70+5.82
Extension (°) 30.91+6.24
With weight (°) 3.35+3.26
With weight and after walking (°) -5.61+2.69

25.40+7.10 0.012
10.25+6.31 0.034
21.23+6.89 0.022

Values are presented as meansstandard deviation.
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@ After walking with head load |

Q With head loading

Fig. 5. Radiographs of a subject with head loading (A) and after walking a
designated distance with the load (B). This maneuver shows the instantaneous
effect of walking with a load on the cervical spine biomechanics (arrow). Disc
height reduction is seen to be further exaggerated after walking with the load
(arrow).

decreased to —5.6%2.69 after walking the prescribed
distance. Compared with the one in a neutral unloaded
condition, a significant loss of lordosis was noticed when
the cervical spine was loaded, with five subjects having a
reversal of lordosis. A remarkable reduction in disc height
was noticed when a load was carried on the head, with
further reduction after walking with the load (Fig. 5).

Discussion

Carrying a load on the head has been shown to have detri-
mental effects on the cervical spine [2]. However, workers
in the construction industry and agriculture, as well as rail-
way porters, continue to carry loads on their heads as an
integral part of their job. According to a survey in 2009-
2010, there are around 465 million workers in India, with
the majority (94%) being employed in the unorganized
sector [1]. There seems to be some awareness among these
workers about safety at the workplace; however, the im-
portance of their health condition continues to be ignored.
The Ministry of Labor has put an upper limit on the per-
missible weight that can be carried by a worker. However,
no specific notification exists against carrying weights on
the head. There is a lack of awareness, as well as scientific
evidence, about the detrimental effects of head loading on
the cervical spine. In contrast, several studies have shown
that carrying a load on the head causes the least deviation
from normal gait as compared with carrying on the shoul-
der or hand [3]. Another study recommends a higher safe
load carrying limit on the head than that permissible on
the back [1]. A thorough understanding of the biomechan-

ics of the cervical spine and the effect of head loading on
these biomechanics and any attendant degenerative process
would enable us to understand the true effects of repeated
axial loading of the spine.

The spine is a complex structure that functions to
protect the spinal cord and support loads in numerous
postures and positions. The normal cervical spine motion
exhibits an anterior-posterior translation during flexion
and extension. The motion segments of the cervical spine
are complex joints. Each joint consists of three compart-
ments—the disc and two facets—along with multiple
ligamentous structures. The kinematic and load support
capacities of the motion segment vary significantly as a
function of the spinal level, the direction of motion, the
direction of load applied, and temporal exposure charac-
teristics. These biomechanical properties of the spine may
be altered by trauma and degeneration [4]. Along with
aging, various other factors can significantly accelerate the
degenerative process and the biomechanical functioning
of the spine. Tissue damage can occur because of acute or
chronic trauma. Acute trauma is understood as a single
force that exceeds the tolerance limit of the tissue. Anoth-
er mechanism of tissue damage is the repeated cumulative
loading of the tissues. Repeated loading by moderate force
can cause the tissue to strengthen and adapt to the load.
However, repetitive loading without proper rest time can
cause tissue degeneration, leading to a weakening of the
structure and its failure at lower levels of trauma.

In his study, Levy [5] observed that cervical spine in-
juries in porters’ necks were more likely to involve the
upper cervical spine rather than the lower cervical spine,
as is the usual trend in trauma. To understand the reasons
behind such a deviation in injury pattern, Levy [5] sub-
jected seven randomly selected porters to radiographic
examination with a load on their heads. He observed that,
when loaded, the vertebral bodies and intervertebral discs
assumed a vertical position, which would relieve some of
the stress on the ligaments and intrinsic muscles. How-
ever, the disc was compressed, and forward tilting of the
vertebral body on diseased discs reduced the amount of
overriding of corresponding facet joints, thereby predis-
posing the spine to injury.

Joosab et al. [6] studied the cervical radiographs of
loaders and non-loaders. They observed a major decrease
in the angle of lordosis in loaders with no significant dif-
ference in spinal canal diameter. A decrease in disc height
was observed with age, which was most remarkable at the
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5th intervertebral disc. Although the loader group ex-
hibited no such correlation with age, loading appeared to
cause a redistribution of changes in disc height, with the
Ist intervertebral disc showing changes similar to those
seen in the 5th intervertebral disc. Jager et al. [2] evalu-
ated the relationship between load carrying on the head
and development of degenerative changes in the cervical
spine. They observed a higher prevalence of degenera-
tive changes in loaders as compared with non-loaders,
with the highest prevalence at C5/6, followed by C4/5 and
C6/7.

Joosab et al. [6] found no major difference in canal di-
ameter, whereas the studies of both Taitz [7] and Echarri
and Forriol [8] demonstrated a narrow medullary canal
with degenerative changes in head loaders. Echarri and
Forriol [8] observed degenerative changes in 13.9% of
wood bearers in cranial vertebrae as compared with only
2.3% in controls. They also observed listhesis in 20.8% of
wood bearers as compared with 2.3% of controls, with C4
involvement in more than half the cases.

The observations of this study are concurrent with the
above literature. Cervical lordosis in a neutral position
of the neck was observed to be less in group A subjects
as compared with control subjects in group B. A major
decrease in cervical lordosis was observed with head
loading, with further straightening of cervical spine and
reversal of lordosis on walking with a head load. Loss of
cervical lordosis and change in cervical sagittal alignment
have been shown to have adverse implications on quality
of life scores [9]. Progressive cervical kyphosis leads to
the development of myelopathy by forcing the spinal cord
against the vertebral bodies, inducing anterior cord pa-
thology, as well as increasing the longitudinal cord tension
due to the cord being tethered by the dentate ligaments
and cervical nerve roots [10,11].

Developmental spinal stenosis is a static factor of spinal
cord compression, and vertebral instability is a dynamic
factor that exacerbates this injury [12]. In this study, dy-
namic radiographic examination revealed minor transla-
tion of vertebral bodies in all loaders, whereas only two
control subjects showed such translation. Major transla-
tion (3-4 mm) was observed in five loaders (19%) on
head loading. Meanwhile, intervertebral instability is con-
sidered to be a dynamic factor that exacerbates the spinal
cord compression caused by developmental spinal stenosis
[12]. Alizada et al. [13] has described cervical instability
as a stage of the cervical degenerative process. During this

Fig. 6. (A, B) Dynamic radiographs of a head loader. Reduced disc height and
flexion/extension movements are seen in the lower cervical spine. Most of
the flexion/extension movements were observed to be occurring above C4.
Reversal of cervical lordosis and restriction of extension movements were also
observed.

stage, the overall cervical motion and intervertebral seg-
mental movements show abnormal pathological changes.

Loaders in this study were subjected to radiographic
examination while carrying around 35 kg loads on their
heads. Noticeable reduction in disc height was charac-
teristically seen on head loading. These loaders were
then asked to walk a distance of 65 m, and radiographs
were repeated with the load still on their heads. Further
decrease in disc space was observed after walking with
the weight. These observations suggested instantaneous
changes in the cervical spine when the head was loaded.
The reversal of cervical lordosis, segmental instability, and
reduced disc height observed in this study in head loaders
are consistent with accelerated degenerative changes in
the cervical spine (Fig. 6).

Thus, carrying a load on the head markedly accelerates
the degenerative process in the cervical spine, thereby
making these loaders vulnerable to consequences of cer-
vical spondylosis, including neurological compromise at
an early age, as well as increased susceptibility to cervical
spine injuries.

Since the study involved human subjects, the number
of subjects and the loads carried on their heads were lim-
ited by the recommended safety limits of the region and
the institutional ethical committee. This study, however,
was able to convincingly document the accelerated de-
generative changes of the cervical spine in loaders, as well
as the effects of acute loading. However, it would have
been more useful if long-term changes induced by carry-
ing loads were documented, which would go beyond the
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scope of this research.

Conclusions

Carrying a load on the head leads to a loss of cervical
spine lordosis, reduction in disc height, remarkable trans-
lation of vertebrae, and redistribution of degenerative
changes to the upper cervical spine, accelerating the cervi-
cal spine degenerative process and decreasing the thresh-
old of injury in head loaders. Cervical spine degenerative
disorders in appropriate settings may be considered as an
occupational disease. Since carrying a load on the head
is detrimental to the cervical spine, it is recommended to
use alternative methods of carrying loads.
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